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inimwo'non 

The broad objeetlvs oi tbla work is the daterminatlon 
of th« effect of a semi-flerlble welded connection noting 
in « single-span steel rigid frame. ^ Kore specif iealljr. 
the objective of the stud^ is a comparison of the action of 
an articulated frame under gravity loading with the action 
of a semi-articulated frame under the same loading. The 
articulated frame is defined as a single- span steel frame, 
having rigid Joints at the knees, pinned connections at the 
base of each column, and a pin connection at the crown. The 
seal-articulated frame is exactly similar to the articulated 
frame, with the modification that the pinned connection at 
the crown in the latter is replaced by a seisi-flexlble welded 
strap connection in the former. 

The need for an investigation of the action of the semi- 
flexible welded type of connection has arisen la conjunction 
with theoretical work now being done on articulated wedge- 
beam framing by Mr. Graham Amlrikian, head designing engineer 
with The iSureau of fards and Docks, D. S. Havy. Mr. Amirlklan 
has exhaustively covered the theoretical aspects of this new 
type of framing and will soon publish the complete theory, in- 
cluding analytical formulae and tables for use in the construc- 
tion industry. 



1. The particular frame Involved in this study will differ 
from the conventional concepts because of the use of wedge- 
beam members, as will be explained later. 



2 



A brief outline of the basic principles involrad in 
wedge-beam framing nvay be found in a preliminary article.^ 
Conventional design methods do not fully utilise the materials 
in fleT^xral members. In that they require the choice of an 
entire member based on sorao marimum stress occurring at only 
one point in the member. Wedge-beam framing involves th^ 
use of tapered beams (See fig. 2} which sr© designed to furnish 
B varying section modulus to conform roughly to certain moment 
diagrams, thus avoiding large portions of understresied 
materials. 

The concept of an articulated frame composed of wedge- 
beam members is based on the action of a simple cantilever 
beam in flevure. The simple cantilever beam in fle:rure ex- 
hibite a unique characteristic which distinguishes it from 
any other member in flexure, i.e., it has a consistent pattern 
of bending since the moment diagram inevitably varies from a 
minimum at the free end to a maxlrsum vat the fixed end, no * 
matter what system of lateral loading is applied. This postu- 
late is illustrated in Fig. 1. Ileferring to Fig. 3, it 1 s 
seen that the introduction of a pin at the cwter of the hori- 
zontal member of a frame causes simple cantilever action in 
the two girder member® thus formed, the pinned ends being 
analogous to free ends. Moreover, if these girder members ar© 
wed^e-beamf, the taper of each girder may be made to furnish 
a section modulus which yarics along the length of the girder 
In close accord with the section modulus required by flexure. 



1. Amiriklan, A. **Future I^velopments in Welded Steel Buildir*gs", 
IMded imrml . 17X1 (Aug. 1948) 593-699. 
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This ejrplanfttlon of the underlying principles of wedge- 
beani framing 1» admittedly brief and is presented in the nature 
of a background to the main topic, since this work does not 
concern Itself primarily with the wedge-beaa theory. Also, 
any discussion of the expected sarings In cost and weight 
rerultlng from the application of this theory Is considered 
outside the scope of this study. These advantages of wedge- 
beara framing are treated at length in Mr. Amlriklan^s work. 
However, it can be readily be seen that the economic advantages 
of wedge-beam framing are nullified to some extent by the 
necessity of providing a true hinged connection at the crown 
of the frame, since this type of connection 1» relatively 
expensive. If an Inexpensive welded strap could be substituted 
for the crown hinge, without materially changing the elastic 
action of the frame under loading, then the economic drawback 
associated with the crown hinged connection could be avoided, 
and at the same time the complete theoretical derivations smde 
by Mr. Amiriklan for the case of the true hinged connection 
would hold valid. Herein lies the practical Justification 
for the pursuit of the study of the effect of a aeml-flexible 
welded connection. 
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III. QM^RAL DISCUSSION 

tottod of Attack. The method of structural model 
analjrsla lands itself readily to an investigation of the affect 
of a seml-flcrible connection. Modal analysis may ha defined 
briefly as an attempt to simulate field conditions in a labora- 
tory by the use of a laboratory structure smaller than the 
field structure but neverthelese representative of it. It is 
of course necessary to interpret the behavior of the laboratory 
structure, hereinafter called the model. In order to determine 
the probable behavior of the field structure, hereinafter 
called the prototype. 

The us© of model analysis la currently In favor In the 
structural engineering field, but it has not always been so. 

The basic principles of model analysis, generally known as 
the laws of similitude between two systems, have been established 
for a relatively long period of tim®,l but their application 
to structural analysis has been painfully slow. A precise 
teshnic^u® and a good understanding of the laws of elfailitude 
as they apply to the interpretation of model behavior have only 
been attained in the last twenty-five years. Greater faith in 
model analysis has led to the expenditure of large sums of money 
for wail-.e«|uipped model laboratories by both governmental and 
privat«» agencies. These laboratories, and the important results 
obtained therein, have caused the general acceptance of the 
method of »del analysis. 



1. b>wton. Principle, Book II. <16S7). 
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inginisering literature generally gives three possible 
reasons for the use of model analysis: 

(1) Mathematical analysis of the problem concerned Is 
virtually iraposslble. 

(2) Mathematical analysis Is possible but it Is compleT 
and tedious to a degree that justifies? a short cut 
by model analysis. 

(2) fho Importance of the problem is such that verifica- 
tion of the mathematical solution by model testing 
is irarranted. 

The investigation of the effect of a semi-fleTlble con- 
nection in wedge-beam framing fits under reason (l) above 
because of the inherent indetermlnateaess of the particular 
welded strap connection involved in this problem. However, 
there is an additional reason for the use of model analysis 
in this study. I^eslgners in the field will be TOst hesitant 
to accept any theory differing from conventional framing methods 
as does wedge-beam framing unless very thorough e3rperlm«ntation 
backs up that theory. Cofsprehensive experiments and tests 
will be re<^ulred to give validity and emphasis to the theoreti- 
cal derivations of wedge-beam fr^min^. It is hoped by the 
authors that this work will prove to be one part of the needed 
experimentation. 

In the application of model analysis to this investigation, 
a prototype wedge-beam structure was first designed. Although 
the advantages of the new framing are more issarked in multiple- 
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b&y frames of one or more stories (and In fact tb« original 
intent of Hlr. Amlrlkian was that the application would be to 
sBultiple^bay framing) It was felt that a single^b&y frame 
would be sufficient for all purposes of this investigation, 
this frame was designed In accordance with modern methods.^ 

The next main step in attacking the problem r&s the 
computation of theoretical deflections and deflection angles 
in the prototype acting as an articulated frfisae. %es» 
quantities were first calculated by an employment of the well 
known method of vitual work, and were subsequently checked 
by formulae furnished by Mr. Amirikian which were extensions 
of the siopo-dofleotlou principle. 

Mort it was necesSv^ry to design and construct a model 
or models, there were two aXternativeg; )1) One model could 
be built with an Interchangeable type of connection at the 
crown, i.e. , a true hinged comiection or a welded seml-f lexible 
cormaetlon could be substituted One for the other at the crown, 
and experiments could be run with each typo of connection 
acting, or (2) two identical models could be built, one with 
a hinged connection permanently attached at the crown and the 
other with a semi- flexible connection at the same location. 

The first alternative was not used because of th© uncertainties 
of ??eld4ng and re-weldlng the respective conaeetions at the 
crown of the frame, the authors believed that the comparatively 



gaaa BAgli ia §l£sX- 

(0[«W fork: Oct. 1943) 
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iar^^er amount of i^eldin^ required in the neighborhood of 
the crown by the first alternative ttould cause local di?»tor- 
tions and would destroy the vital elaf?tic similarity of the 
fratse itself for each test. Therefore two module were designed 
and constructed. 

Finally, the instrumentation for measuring deflections 
was designed, the actual experimentation conducted, and 
the dsita from this experimentation was interpreted with regard 
to Its bearing on the problem being Inref tigatod, 

A su?iima.ry of the procedure of thin study is giyen la the 
following outline: 

1, IH^siga of typical prototype frame by method currently 
used in the Industry, 

Computation of deflections and deflection in 

prototype- by theoretical analysis. 

feployment of laws of similitude to deduce proportions 
of foodel from those of prototype. 

4. Preliciiaary testing of steel used in models, and 
testing of methods of constructing it^del, 

5. Design of model structure and its supporting framework, 

6. Construction of model components and eroetion of model. 

7. Design and construction of instrumentation for 
measuring deflection quantities. 

8. Flaccmexit and adjustment of model in testing position. 

9. Application of load conditions and measurement of 
resulting deflections, 

10. Translating and summarising the observed data. 
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3-2. Pgslgn Mtn..and. Asaiiaptlaiaa^ The dlaeneions chosen 
for th* prototype w«dljje-be*ira frame were a 40 ft. span and a 
12 ft. height. The span length was measared from center line 
of column to canter line of column, and the height was measured 
from the pin at the base of the column to the center line of 
the girder. See fig. 2. The distance from the center line of 
one column to the crown hinge was a half>span length, or 20 ft. 

A uniform load of 1000 ppf or 1 Irpf was assumed to act 
along the upper flange of the girder member. For the purposes 
of this study it was permissible to consider this load as the 
total load acting on the frame, including dead load and live 
load. The dead load would consist of the weight of the frame 
Itself plus the weight of roof decking. This loading system 
corresponds to a roof loading of 60 psf total which a spacing 
between frames of 20 ft. 

The design of the wedge-beam frame was a cut-and-try process. 
In conrentloiml design the only variable is the sl*e of the 
rolled section; that is, a section must be chosen which furnishes 
sufficient section modulus and area to meet the requirements 
of the loading system without over stressing the steel. In 
wedge-beam design, there may be two variables, since one method 
by which a wedge-beam may be constructed is by splitting a 
rolled wide-flange section along its web and rewelding together 
the two segments thus formed, ae Illustrated in Fig. 3. The 
two variables are the slse of the rolled section from which the 
wedge-beam is to be msde (the "parent* section) and the taper 
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or slops of tb® cut. It Is re»dll^ seen that a sharper cut 
will give a deeper cross-section at the hannehed end of the 
beats, thus proeldlag a greater section modulus at this point, 
and a more shsllow cross section at the small end. In this 
design, a 4:1 cut was used as a basis, tbs 4:1 cut meaning 
that the resulting haunched end of the wedge-bea® would be 
four times as deep as the small sad. After preliminary 
calculations, a 16^?40 rolled section was decided upon, and 
this section was cut at the 13 Inch and 3 Inch points, as 
shown la Flf. 3, resulting in the girder and coluoa members 
shown la the earae figure. 

lach girder member would he Joined to a column msaber to 
form one-half of a syisaetrlcal three-hinged, or articulated 
frame. The two half frames would then be Joined by a hinged 
connection at the crown. The resulting structure Is statically 
determinate, and when loaded as previously explained gives a 
horisontal thrust of 16.67 kips and a vertical reaction of 20 
itlp® at each baas pin. the moment diagram is shown In Fig. 2, 
and the thrust and reaction cos^utatioas are ehown in Fart 17.^ 

this structure was then analysed to sea if the maximum 
steel stresses were approximately equal to the design Halts. 

An analysis was made of the eoabined stresses of direct and 
flexural loading at the critical knee sections 0* and S’*. 

Fig. 4.‘^ the results of the analysis (See Part IV) showed 



1. the analytical work described throughout this section will be 
found In detail la Fart IV, Compittstlons and ixperlnentsl Bata. 

2. Griffiths, iiasiffi .fesn l A g i i. fxia.g^ ia 
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that both the glrdor and column wera undarde signed. A 
three or four par cant underdeeign would ftnaralljr be parolttad 
In the field, ^ but in actual design work the column, overetressad 
by nine per cent, would be redesigned. However, in wedge-beao 
framing a mere sharpening of the cut would provide the required 
properties without any change of “parent meffiber". The nine 
par cent underdeeign was permitted to stand without change, 
since the prototype was not to be built and it was anticipated 
that a oharpenlng of the slope of the wedge-beam would increase 
the difficulty of model construction. The small ends of the 
column wedge awibers in the model would have been of prohibitively 
small dimensions had the elope of the column wedge metsbers been 
increased. 

In order to simplify reasonably the design of the models, 
the following assumptions were made regarding the loading of 
the prototypes (l) Only static loads net. Wind and other 
forces of dynamic origin were not considered. The atatie 
forces considered were two, namely, gravity and elasticity. 

(2) There was no accelerated movement of any model components; 
hence Inertial forces were not considered. 



1. The justification for this statement may be found in the 
example design computations in Griffith, Single Span Rigid 
IrMSLS. in Steel . 
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^3. SmmMlXoA at aft^l.fts.£^R.a AMl&g.. 

Ag previously aeationad, the linear deflection nt the 
croim hiJ^g® and the an^lar deflection? at the base pins 
and the crown hingn were coisputed theoretically. The first 
method used In these cosiputatlons (virtual work) Is of very 
g:enaral application and need not be derived. The results 
were checked by the use of fortnulae proposed by Mr. Arslrlklan; 
the nurserlcal discrepancy between the two methods was to small 
as to be negligible in the case of the angular rotation at 
the base pins, and a?Bount#d to only about 0.4-^ In the case 
of the angular rotation at the crown hinge. The small 
discrepancy in the latter case was entirely of arithmetical 
origin. Actually the computations In the two methods are in 
essence the same; this fact in itself argues the validity of 
both methods, since they were arrived at fey dissimilar deriva- 
tions. The derivation of the Amirikian formulae follows. 
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The expressions for ©bC and ©CB are Identical to the above 
except for Integration Units. 

For application of these formulae see Table IV, Part IV. 



2-4. Saai-llffylbl* fffldgd g.ftaR£S.Uan. A# prerlously 
sta'.ed, iha secand sodol w«e eiaetly siallar to the first 
*rcept that a welded steel etrap connecticB was smbetltnt«4 
for the true hinged ecnneoticn at the crown. This settl-fleTlbls 
connection for the prototme was designed os two plate steel 
straps, one to be fillet-welded to the front side of the two 
adjoining web* and the other to the badf side. See Fig. 8. 

These strap* were deliberately mode eaaill enough *o that they 
would bo strosaed beyond the elastic llssit Into the plastic 
range. The rectangular fibre stress distribution shown In 
fig. 8 was ftssusted; this distribution Is a Unit condition 
anti Is not actually reached at any tlee under loading, k«i 
was used a* a oonseryatlvo value for the yield point of aild 
structural steel, and bonce as the value of the fibre stress 
ordlriftte* In the stress distribution diagram of fig. 8, 

The design criteria for the welded strapo were (1) the 
vertical »he»r at the crown caused by unsyaaetrlcsl unlfons 
loading of half the span of the frame, and (8) the ceopression 
In each strup caused by the horlsontal thrust to be transeltted, 
Coeputatloss for each criteria are shown in Part IT. It was 
found that the compression ruled tb© design; each strap was 
treated as a strut. Its V* ratio w»» computed end the allowable 
compressive unit stress determined. Two straps, 2* r i* in 
cross section, were found to be sufficient. The unsupported 
length or gap between adjoining girders wa» taken as t*i which 
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is to prevent any Interference bet^»^en the two 

^tirder^ «r^«n they deflect under loading. The total length 
of the ftraps waa not dej^i^ned; this Tsust be long enou^^h 

to allow rufficient fillet weldin*^ to handle the horl'^ontal 
thrust. 

The fsoment resliftance of thl^ particular sjtrarped 
connection, as eoi’sputetl lr4 rart IV, was l.t^'Td ft-klps. 

A ^ood approach to an uriderstanding of the properties of 
a eelded conni^ction acting in a wed^ 0 ^beas 2 tr^ay be gained 

by initially considering two cases of f;tich a connection, 

wne Uniting; case Is illustrated in Table V; this ease involves 
no strap whatsoever, the abutting ends of the girder seeciiberg? 
tBerely being welded together throivrrhout their depth, this 
connection Is a rigid one and mkes the fraw statically indeter- 
minate to the first degree. The hori?ontai thrust was considered 
as the revi'.udant reaction and war solved for by the general 
•*^ethod of indeterTTvinotes, Vlrtu?il work was used for the com- 
nutation of the necessary deflections. It was found that the 
scossent sustained at the crown by this connection was 36.9 ft-klps, 
and the tsoiseat at knee was 163.1 ft-kips. 

The other Iliisltlng ca?re ha® previously been vliscussed and is 
illustrated by the xxse of a true hinged connection, or pin, at 
the crown, this coimectlon can take xxo moment and rer.ults In 
« loaded fratao with s'.ero ssoment the crown and 200 ft-kire at 
the knee. It in seen that the plastic weldod strap de^^lgned in 
this section Ir in ter^sediat# in nature b©tw*?en these two e^iftretr^es 
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but that It l8 apparently much closer to the case of the pinned 
connection. As erplained in the Introduction* the purpose of 
this thesis is to determine whether the elastic action of the 
frame when connected with a strap which deforms plastically 
is substantially the same as its action when connected at the 
crown with a pin. If this is so. then the theoretical deriva- 
tions for true hinged wedg^-beam framing will hold valid in the 
case of the relatively inexpensive welded strap connection and 
the field of application of wedge-beam framing will be enlarged. 

There is an additional aspect of a welded strap connection 
which is ?/orthy of serious study, although It cannot be covered 
in this work. An examination of the two extreme cases heretofore 
described will demonstrate that the sum of the moments existing 
under load at the crown and at the knee Is in any case 200 ft- 
kips. That is, the welded strap will take whatever moment it 
can until it yields and the remainder of the 200 ft-kip moment 
will be thrown back to the knee of the frame. It is seen that 
the welded strap can b© over-designed to varying degrees so that 
it takes any portion of the 200 ft-klps up to the limit of 36. 9 
ft-kips. although any appreciable overdesign wlllv of course, 
destroy the validity of the Amirlkian theoretical work for 
wedge-beam framing. However, as long as such deliberate over- 
design does not exceed the moment resisting properties of the 
small ends of the girder me?nbers immediately adjacent to the 
^ crown* the overdexign could be utlli??ed by a proper extension 
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OJf thsior^^ to ef/ect even furth^^r economlo.^ in eteel frsimiri#;. 

The ^Iriler and coIu:j 5X) tsersbere of a fraisie are designed by a 
computation of 3gtre«»cs at critical 5 ?ection^ of tho knee {tm 
fig* 4) ao'.! it is in region that the »tresep?» are 

reduced by t\n appropriate ovorde^^lgn of the welded strar. to 
recapitulate, the etrperliaexitation iji thiist work was carried out 
to determijie whether the etruix actually bend® intc the pl'ietic 
rax*ge eubg^tantlally ub Is *hown theoretically in Fig. 8. Hi® 
stn>]. acting in thi® fashion would deit.mistrate only the vnull 
moment reeli^tsnce of 1.37b ft-klpe (computed in rart 17) and 
probably would not mriterlaliy alter the elustie action of the 
fri'itxe Iroii; its action 7fh»n a true biJtge Is acting at the crown. 
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wymboXs U’^ed In this fcjotlon are defined as follows: 

2- linear dimt^n^ion 

A area of crose- section 

I c&oismit of Inert la, 

u moment of a fore® 

& tijodulu® of elasticity 

^ weight or gravitational force 

F for-!® In general 

w weight per unit volume 

n linear ra^le reduction factor 

e unit etrmln 

Thf^te cjr-^bol? whan unisodified n^fmr to the prototype; the 
subscriyjt ln?!i cates a function of the ecodel. 

A linear fscole reduction factor Is first assu-T»®d and other 
rciu tionr^hins of radol to prototype are tlcally deduced 

from this factor. The two funlasiental principles uron which 
this deau*tlor4 1$ hawed ar?^ that tha model and prototype ssust 
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l>: geomatricfiliy an<5 mc^chnnlcally In order to achiev« 

^0O.^«9trlc similarity, ho^ologou*? dlrnen^lons of thf» 

ftu?5t be proportloxmi to thon^ of the prototype. In order to 
achlovdi sfctsehAnlotfcl eirailarity. homolo^jous: forca-s? a 

fir 1 ^d rntio to €jach other. 

Thf^re aro tro forcos acting on the fraxor- 
{i) The forces due to action on the 

loading, expre3?sed by 

g’ « (1) 

(33 tbo internal elastic forcer In the frame (^ersh^rs, 
axpreJTKed >/ 

T « AlCe (2) 

Thei^j, because? of rsechiu^lcal El^sllltude 






(3) 






But jjaoffietric slfallltuts reijuirias that unit ttralss iB ths* 
tao ?rys terns be egual; hence 






Aj; 



A% S' 



(4) 



in 



A linear reduction of n ^ould of course result in a reduction 
of area of cross- se-ctlon by n^; however, v^lth special reference 
to &. utruciwal frame. It Is not neoers?.:5,ry to 11*^11 the area 
reduction to this* value, although it Is desirable to keep the 



1. Befjjjs. £>^ris and 3ttvir„ IgjjU oa. qX. IXSlSSLSSl 

v^?xn Fraud ??co>>Uyiklnnd Sus-^«»ns!lon s^ridtre. T^erkeley, C^l if , 1^33)p, 

2. «3e^i;s. tiavls and Sivla. J.g.g.lg, sm IUa&i’.LOll -jMsiJl lxg.r.a.s 
kiUi tmnsiXz5.&zi^siklml SussmsXsji ^ ridt-g . pp. 67-7 1. 
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r«duetlon as so®* function of a®. It ha* bft*a found advan« 
tagaous to d«ter»ina th* area rsduotlon In oonjunetlon with 
the fore* reduction, th« latter haln^ &s*u®«d as 



3L- na 



»1 



( 6 ) 



Substituting: in equation (4) to obtain tb* ar*a reduction 
factor 



A ■ n2 X £L (6) 

Ax 1 

A Miscnt of a fore* tsajr b* erpr«ss*d in teroie of a force 

tiaca a linear diseneion 

iL> • ^ - n2 * a - a* (7) 

«1 fill 

A eoffiparison of tvo siallar ®«®b*r« should oontala the 
ter®* for moaent of inertia and modulus of elasticity, since 
the stiffnasa of a flaruraX ®e®ber Is dependent upon both of 
these terse. 7h* elastic curve of a beam is 

K • El X I or 1 - ^ <8) 



where & i* th* radius of curvature of the beats. E le a linear 
dimension and the ratio of 8s any be expressed in teras of the 
linear reduction factor n. 

^ - b 3 X a X i|L “ ^ <»> 

*elght Bay be earpressed in the force equation 

* » WAX (10) 



E_ *• wAL ...... • n2 (11) 

*l n^iH 



Then 
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Subutltutins for 4_ iu. 

hi IT 

v\. » 

or »«. • |L * L 

*X % B 

TBe last Xonsttia glvla^ th« (Jsnsitjr ralatlooehlp is 
redur^ant in a t«ns« baeauso if tha load and araa raduetlon 
factors ara followed rigorously tb« dansitir reduction is auto- 
autioally obtained in the »odel design, the derivations of the 
laaa of siailitude given above are relatively simple, and the 
deduced lave apply only to etatio models. 

Strictly, all of the above laws should ba used when a 
aodel structure is proportioned from a prototype design. However, 
in this work it was virtually imposeible to proportion a model 
neing both the reduction lave for moment of Inertia and for 
areit. Sinca the model was to be tested in flerure, the former 
term was manifestly more important end the moment of inertia 
was reduced ajcactly; according to equation {§) above, thus 
equation (@) above (and hence equotion ( 13 ) also) were the only 
laws of siffilltude not followed strictly In the model design. 

A model designed in edher-wuee to these laws of tisilitude 
should show when loaded at^lar deflections and unit linear 
deflections equal to those of the loaded prototype. 
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z-6- SMksn Qi. M%sxXsl. SsuL MML SflaaAxafiliaa. 

Ouraiusln, orase, ealluiold, and atael bav« all baen tiieed In 
aisllar to the one deslfjned in this ftork. Since thit 
thesis was concerned eith the studjr of a welded se^i-flexlble 
oonrestion, the selection of steel ae a eodel mterlal ess 
alssost mandatory. Too eianjr uncertainties weald has* been 
introduced by atteaptltif to weld »«terlsls other then steel, 
since the prototype frssse »»« steel eonttruotlon. Once this 
choice was made, the eeleetion of the direct aethod of aodel 
analysis (whereby the raodel is loaded In a asrmer similar to 
the prototype loading} followed naturally, since the indirect 
aetbod (in which the eedel loading bears no direct relation 
to the prototype loading) generally ineolires the use of aaterlals 
of the relative stiff cess of celluloid. 

3-7. MaMf., isto&SiaE Easiajt, it »»» anticipated that a 
raiatively large nodal would be neceseary to provide sufficient 
space in the region of the crown for the welding of the se«i- 
f legible strap. In fact, a straight linear reduction of the 
welded strap previously deiignad for the prototype by any reason- 
able linear reduetlon factor would result la a raodel strap too 
saall to be fabricated In the ncdel. It was desired to obtain 
a strap eouaectloa in the wndel of raoaont resistance proportional 
to the aoaent resistance of the prototype strap connection, la 
order to obtain this proportional relaticnebip it was decided to 
build the largset »odel convenient for construction and expcrl- 
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o#nt»tlon. Th« figure of a •• 8 flaalljr ohoaen, reeultlng 
la a aodol of 40/6 or 6 feat la span and 12/8 or If feet la 
height. The s-mllest welded strap that could tea fabricated* 
even using a aodel of thia sls«, atlll offered a tnoaent 
resletaiioe proportionally greater than the prototype strap, 
although the proportional relationship was eubstantlaXljr attained. 

A larger icodel also reduces the effect of secondary stresses 
and the effect of si»ill Inaccuracies In canatruotlon. 

The results obtained from oodel analysis depend upon the 
eeale of the mi>del. A deflection tseatmr^soat observed free a 
email aodel would ja>t be esactly egual to the corresponding 
deflection seaeurement observed from a large ®ofiei. This 
phenomenon 1« hnown as scale effeet. It Is one of the uncertain- 
ties of model amlyale and 1» a subject worthy of investigation 
each tlae such an analysis le attempted. An Investigation of 
scale effect was coutidersd outside the scope of this thesis; 
however, the construction of a caaller isodel than the one des- 
cribed above (n ■ ^3 waa contemplated but not coasiiaaated. 

The dsElgn of this saaller tsodel la Included In (Tab. Till) 
for reference. The table gives the depths of the model numbere 
at the centers of the various sogsents. This smaller model 
was also designed of steel. 
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t^odel anBljrsi# 

wh< 5 r« direct lo»din<g^ ij* used, lateral bucklirig (deformtlcn 
in direction?^ at rlight angles to the action of gravity forcet) 

1« generally a problem* l-ater {Stability in model ?«o&eber® ir»® 
acbiaved in this wrk by «issulating a rolled wlde-flange «t#ctlon* 
•Tbit type of auction complicated the construction of the Mdele. 
t,lunm it was necessary to weld thin plate steel to slJ&ulate it. 
aoeever. the extra liability and similitude obtained was- con- 
sidered worth the complication. 

the smaller model (n *• 20), wfcicb *raj5 proportioned but not 
conetructed, urn.© designed for a rect«in<gular crows section, since 
ite imnll&r span limited the amount of buckling expected. 

thB governing factor in the design of the cross section of 
the model jsembers was the proportional reduction of the monjent 
of inertia from the crofs section of the prototype, this 
reduction waw by the fourth power of the linear reduction factor 
n, a® derived In the previous pectloa and presented in Table VI 
for the larger models. It wa® nccetsary to proportion the 
«!iodele ^0 that they would present a moment of Inertia equal to 
Iis» Table VI, at the center of the proper segfsent shown in 
the same table . ( Ip was obtained from Fig, 5. ) This wae done 
by designing the web of 11 gauge plate ate<?»l nnd of 

dimensions reduced emctly by eight from the eorrespondlng web 
dissensions of the prototype (See table VIX), The mosent of 
Inertia furniffhed by each w?»b alo^e 1® represented as 
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Col. (6), Table ?I2; the reaaJndor of the total I required 
In the iBodei (Xq} was rurnlshed by the flange sectione, ehlch 
were of 16 gauge steel welded to the web ssotloni. In order 
to furnish exactly the proper lacreaent of raoaont of Inertia 
to bring the total I up to Xo, It was necessary to taper the 
width of tho flange* froa a alnlaum of 0.160 In. In the region 
of the knee on appro wlaately a straight line variation to a 
Ottxlaua of 0.677 In. at the plns.l This particular oethod of 
designing the model also Bade it possible to eoapensate for 
deviation* in actual thickness of the steel plates froa their 
catalogue thloknessee by varying the flange areas accordingly. 
The larger models, as designed, presented a aoioent of inertia 
at ell sections exactly eauol to l/ij4 times that of the proto- 
type, although It was doubtful If construction procedures 
aalntalned this accuracy, even though all precautions within 
the limit* of tl«e and tsoney available were taken In building 
the oodel*. 

Since the e«aller models (n » 20) were of rectangular 
cross section. It was only necessary to compute the reduced 
moment of Inertia at each of the various segment* and froa 
this calculate directly the depth of the cross section at the 
center* of the various segments. An additional arbitrary 
factor B was applied to both the law* of similitude for weight 



1. Xt should be mentioned at thl* point that, although this thesis 
deals only In wedge-beams of tapered depth and constant flange 
width In the orototyoe. Ur. Aalrlklan has extended his theo- 
retical w«dg©-b«affl derivation* to include the case of wedge- 
beaes with tapered depth and tapered flanges. 



loa<U 2 X|$ and lor mtuml ot Inertia, a$ in Table VXIT. 

This /aotor ai has gometiraeJ^ been called a ** slice factor”; 

Ite u?e is a ssatter of convenience and dee? not Invalidate 
the IfiT^s of similitude, As previously mentioned, these 
emaller models were not actually constructed, although they 
may bf built at later date in an ertension of this work, 

QX MsML ela^pUfy the late»ral 
bracing of the models* it was elected to mount the model hori- 
zontally. (See photographs.) A plywood theet, U* loot^ by 4* 
wide by ;V4” thick# was secured atop two tables which had been 
placed side by side, A 2 r 4 was attached at each ed^a of the 
plywood to steady it on the tables and to prevent its over- 
turning under the applied load. It was believed that the 
coiujsn base pin reactions of approximately t*00 lb. and the 
thrueti? of approxlmijt^ely 260 lb. would be ereessive for the 
2/4” plywood to realat in bearini:, hence t% i* steel basa plate, 
six inches square# was provided to take the bearing from each 
column pin. %ch of these two steel plates transfeitted the 
reactions and thrusts to th^^' plywood tbroia^h eight wood ©orows. 

The baj§i© pins were anchored in each base plate by the use of 
email sections welded atop the plates and drilled to 

receive the steel rode which served as the once pins, 

io prevent frictional effects between the model sections 
and the plywood, one«half inch ball bee^rln^s were placed at 
several paints under the webs of the model ssemberg. These ball 
beartn^,.^ rolled on thlrt glass sheets placed on top of the plywood. 
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Tot liit«r«X support, witl^hts «ara pl»e»d «• naadad on top 
ot tha aodal naabars direotljr ovar tha ball baarlngs. 

?-10. IfiOiM aixaa tax. Majlfii.. it war statad pravlowalir 
tbat the waidad strap eonsootton for the leodal could not be 
reduced In any fashion from tba daelfn of the welded strap for 
tha prototype, etnea such raduetlon would raault in a strap 
too sisall to be fabrioatad in tha aodal eonetruction. A elaar- 
anoa or gap of i** betwaan adjaoant glrdar mmshoro a,% tha crown 
was daeldad upon; thla valua was well In wrcesa of tha computad 
alnisute dtstanoa for awoldlng aay Intarfaranca batwaan the two 
•affibars whan tha daflaot undar loadluf. fhraa trial straps 
wara computed (Sea i^art 17} atid tba Ronant raslstanea of aaeh 
of these deterained by tha stress distribution theory Illustrated 
in Fig. 3. Aceordiug to the laws of sisillltuda. the aonest 
reslstanoe of this strap should be l/n3 tl»es that of the proto- 
type. The first two trial straps, of thickness 1/8", offered 
a realststnae considerably in excase of tbi# walua; tha third 
trial strap, of thieknass 1/16*, offared a rasistenca of about 
twloa this value. All ooraputatlons wara based on a pair of 
tdentlsal straps, one welded in front of and tha other behind tha 
web. It was flruslly decided to us# but one strap in front of 
the web. Although this caused a slight eccentric loading of 
the one strap. It was believed that the advantage gained by 
having a welded connection yielding a moment resistance properly 



proportioanJ. to th« proto tjrp» r«»l8tftoea outn#lgh«d the dle- 
ndraotaga of occentrla IcasUng. Tharafor# the ftsrap eotmeetloo 
ttsod eonslsted of oco sisall a«t*J plate, 1/16* tblek, 4" d»ap, 
and ftpproylj^atoljr 24“ la length, welded aeross the webe of the 
adjacent f-lrderd at tb* crown, 

2-11. toadln^f, pf, tod el. la aocordnscs with the 1&»» of 
Blisiltude, the total load on the model eaa rednoed by the 
factor n2 from the total load on the prototype. Since linear 
span wa* redaced by n, the resulting reduction la linear load 
»«8 n«-/a or a. this gar® for the model a. total load of 

or G26 lb. and a linear load of 4^2- or 126 lb. per foot of 
span. Such a loading appears ereesslre; yet the selection 
of e larger model, for reasons heretofore given; necessitated 
a loading of this tsagnltuda. The arhitray factor a, mentioned 
in Section 2-8, could have been applied to leeeea the loading 
on the model, but it also would have been necessary to apply 
It to the rediictlon of the isomont of inertia for the aodel, 
resulting la a leeeer aosseat of inertia of arose section at 
each segment of the Bodel. The saalleet eoa^nt of inertia la 
tbe model (at the small ends of the wedge beaus) «u* 0.01279 in.d 
without the use of the factor », and any lessening of this value 
would bare resulted in a prohibitively small cross section at 
the »»r 11 ends of the beaiss. Therefore it was judged itapraoti- 
oable to lessen the required loading by use of the arbitrary 
factor m. 



Slnoo It trae not ^©a9llJi0 to sl«ulat«a iirilfora loft<iin£; 
on th» tsodol. It K»» iSasIded to nppljf ten oonoentrated loadt 
*t lntorTRi.8 of «1* Inches «ya®etrlcalljr plBceft about tbe 
ffild-peint of th» fraiee. i*«( 5 h coscantrated load, tfearefora, 
iras (jji. gg.6 ii>. 

It was n«oa*»ftrjr to apply tha loading In email Incretaents 
In order to obtain data for plotting load va. deflection eurve*. 
Tbe loading problem thus presented was to obtain a scaterlal of 
total weight 626 lb. which aould be appllwo la assail l»er«»®nt8, 
and of sufficient density so that excessive yelume was not re- 
qulred. The first loading considered was large csllbratiag 
weights, but these were, unobtainable In sufficient quantity, 
iater and sand ware dleeerded becaaee of the large yolusee re- 
quired in the limited rp«c« ayallable. ifercnry was considered 
but rejected becsuse of the prohlbltlwe cost, although It would 
have been an Ideal loading agent. Finally a sufficient quantity 
of steel punchlnge were obtained, weighing approximately one- 
half Ib. each. 

it was decided to apply the loading to the frame by braflag 
2/32" braided steel cable In loops around the girder sections 
at the tea loading points. Saab loop wae prereated from wandering 
from the loading point by saall shallow steel channels welded 
at the loading point and through which the sable wee threaded. 

The lengths of steel cable were led over pulleys o»unted at the 
edge of the plywood and thence to steel buokete which acted as 
containers for the steel punohlngs. It la teen that the load 
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ma.» to the top *l®«latlng the lo»<Jlng of th» 

prototype. 

fh« pulleys were 2" outside diaweter fibre ball bearing 
pulleys of the aircraft eoatrol type, and were assutsed frlctlon- 
less. the buoketa were made of 11 gauge steel rolled to » 
five-inch diameter end tack welded; their bottoas were 11 gauge 
plate, and heavy wire handle* were attached. A scale was used 
to weigh out desired atoouate of steel punchlngs. 

.'5-12. jSsiialJCMlloa at was first stteapteS 

to attach the 16 gauge flange plates to the 11 gauge web# by 
intertt-i tteat fillet welds on the Inside of the flanges. A 
trial section was thwe welded; the result. In spite of skip 
welding and other precaution#, was a lateral distortion of the 
web plate. 

It was next atteapted tc attach the flange pistes to the 
web plate* by drlllloi; Ved* boles in the flange plates at 
regular spaolnf ana plug weldloi^ through these holes to the 
edge of the web. The welds did not penetrate on the trial 
sections and the Joining was unsuccessful. This asthod was 
modified by oaunterslnklng the holes In an attempt to secure 
weld penetration, hut the effort ws» again uosuccesaful. 

finally slot wcldlrg: was tried and a successful Joining 
attained. The flange plates were split In halve# end the two 
halves were elKultaneouely welded to the web by a oontlrsuoue 
slot weld to form each flange. This method has the outetaadlng 
advantage that It does not change the cross section of the beam 
by any deposition of weld aetsl. 
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A Lincoln DC wcldlnif gen«rator was need; 22 volts and 90 
A»p«rss currant were used, end the rod res « 2/32* coated 
electrode. Ai^S 3 6012. 

After the flange sections were welded to the eeb, they 
wore allied down to give the tapered width flange previously 
discussed. 

3-13. Fabrication of Kodals. The girder members and 
ooiuan laexbars, constructed as described In the last paragraph. 
T»re joined by butt welding the top edge of each ooluan to 
the underside of the corresponding girder. Dlaenslonal accuracy 
in this welding process was assured by the use of steel jigs 
espsclsily constructed for the pur}?ose. Saeb meaber was pinned 
to the jig so that it was in its correct position relative to 
the neffiber to which it was beltig joined, and «o that it could 
not creep fros that position under the influence of welding 
stresses. 

A deep rectangular nut, drilled out to receive a 4* pin, 
was welded to each ooltuen at its lower end. This nut, when 
connected by a pin to the steel base plate previously described, 
provided a true hinged connection of «ero aosent resistance 
at the base of each column. This base detail was identical in 
the articulated model and in the semi-articulated model. 

To form the hinged crown connection in the articulated 
»ode*l, the web of one of the adjoining girders was extended by 
welding a plate steel tongue to it. This steel tongue was 
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drilled to reoeire & i" pin. Two flanking swotlone of plat# 
steal ware wwxcted to the wets section of the other girder; 
these flanking sections were also drilled for a pin. When 
this aodel was ereoted for testing, the tongue eeotloB was 
Inserted into the gap between the flanking seatlons, the pin 
holes were lined up, and a saail retsowable pin was used to Join 
the two girders together. 

The strap which was used for the se»l~fleslble oonneetlon 
at the crown of the sesi-artlculated »od«l has been previously 
dekeribod as 1/16* thick. |* deep, and approrlaatelf 2i* long, 
and the reason for using one strap In the oonneetlon Instead 
of two has been shown. (See Sedtlon 3-10, ?age 26). Thle 
strap was welded to the front of the web of eaoh adjoining 
girder by an around- the- end fillet. The welds were of sufficient 
strength to reseiln absolutely rigid, so that all beading ond 
yielding took place In the strap proper. 

Consultation of the Included pbotographe should clarify 
the description of aodel conetructlon. 

SSyKaiMSKTATlOS 

3-14. Inatruaeatstlon. The apparatus used for cseasurlog 
deflections consisted of steel pointer arat. Aaes deflection 
dials, and the <«>uctlr 4 s for the dials. The eteel pointer 
ar»s were aade of drill rod stock; they were 12* long and 
accurately threaded on one end *o that they oould be rigidly 
screwed Into cute which were tack welded at the proper places 
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on the column flanges and be&o flanges. (See Fig. 9). One 
pointer arm wss connected near the crown, and one was connected 
near each base pin, resulting In a total of three pointer arm®. 

The basic formula used In computing deflection angles was 

s * rQ 

where s represents linear length of arc, r represents radius 
of rotation, and 0 is the subtended o^agle in radians. For the 
small angles involred in this vrork, s was very closely CQual 
to the linear length of chord. 

The hmee dials were mounted so that their plungers made 
contact with the pointer ar^as at a point approximately ten 
inches from the centers of the pins. Ten inches, then, was 
approxirra tely the value of r in the fonrala above; any devia- 
tions from ten inches were of course accurately measured and 
the corrected radii used in consputations. fho cylindrical 
surface of each pointer arm was beveled down to a flat surface 
where contact was made with the plungers of the Ames dials in 
order that the plungers would not slip off of the arms. 

The Ames dials measured the deflections of their plungers 
to thousandths of an inch. The readings of the Ames dials, 
then, represented linear ler^th of chord and were used for s 
in the formula above. Thus s and r were measured at three 
points where the model members deflected angularly under load, 
and the formula was used to compute the angular deflections 
at these points. 



wm-- 







252 



Ssaaill lengths of aluminum angXa sections were used to 
mount the Ames dials to the plywood* the downstanding legs 
of the angles were screwed to the plywood, and the dials were 
attached to the upstanding legs. The dials were mounted so 
that there was spring tension on the plungers Initially, or 
before loading was applied to the model. This was done to take 
up ally bending of the metal pointer arms before actual ©’Jfperl- 
mentation was begun. 

The linear deflection at the crown was measured directly 
by mounting an Ames dial with Its plunger in contact with the 
underside of the flange of one girder immediately to the right 
of the pin. 

3-16, &ro.^r.la&alaUaa MsdsL. ten 

buckets which were to be used as weight containers for loading 
the model were weighed individually. The heaviest of the ten 
was found to weigh 8,8 Ib.,^ and the other buckets were ballasted 
to bring their weights up to this amount. Mext ten portions of 
the scrap steel punchlngs were measured out so that each portion 
weighed 21.2 lb.; ten more portions were measured out to 15 lb, 
each; ten more portions were measured out to 17.6 lb. each. All 
of these portions of steel puncbinfs were placed in the immediate 
vicinity of the model so that they would be readily available for 



1, It was decided that weight measurements to the nearest 0.1 

lb. were in keeping with the accuracy of model onnstruction. 
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loading, and each of them nas placed so that thar® would be 
no confusion as to the weight of any particular portion during 
experiiaentatlon. To load the niodel, these portions of steel 
punch! tigs were placed manually In the buckets, starting with 
the oxtreise outside buckets at each end of the coodel arid pro^ 
seeding toward the center buckets. Syjsusietricklly opposite 
buckets were loaded simultaneously in small Increments. 

Thus the load points on th© load vs. deflection curve to 
be plotted for the articulated model were 0 lb., 8.8 lb., 30 lb., 
46 lb., and 63.6 lb. for each bucket, or 0 lb., 88 lb., 300 lb., 
460 lb., and &25 lb. for total loading on th© model. This corres-* 
pended to a simulated uniform loading of 0 ib. per foot of spaa, 
17.6 ppf, 60 ppf, 90 ppf, and 126 ppf on the model. I^Ultiplying 
each of these uniform load points by the linear reduction factor 
n « 8 gave th© correspond!:^ uniform loading on the prototype. 

12C X 3 » 1000 ppf « 1 kpf * design load for prototype. 

3-16. tSJL ^.T± XQ^lil%,ed go del . At a total loading 

of about 60H lb, on the model, or 96.6^ of the total load to 
be applied, the section of the model to the right of the crown 
blag® apparently buckled slightly so that its knee Joint deflected 
downward toward the plywood, while th© other knee mm noticed In 
a slightly raiced position, loading was stopped and th© left 
knee section was supported manually; when an attempt was made 
to press this knee section down to its original position, the 
right half of the frame buckled suddenly and th© frame failed 
by lateral buckling, therefore the load vs. deflection curve 
for this model was not plotted to completion, although deflection 



34 



rcadlz^s »-ere obtained fron the Amen dials Immadlateljr before 
failure and the curve was substantially complete. 

The failure of this model was erplalned by the lack of 
real lateral support. The prototype was designed assuming 
continuous lateral support along the leitgth of the girder 
provided by %he steel roof planking and other longitudinal 
nembers of the structure. The flange areas of the girder members 
In the prototype were constant with length. In the caee of the 
model, this eontinusus lateral restraint was not supplied, and 
in addition the flange width was varied in order to simulate 
the aoKient of inertia of the prototype, thereby depriving the 
model of one ssurce of lateral stability in the critical region 
of the knee. The lateral restraint in the erperlmentatioa with 
this inodel was provided by the ball bearings underneath the web 
and by steel punchtngs weighing about 7 lbs. total placed on 
top of the web directly over the ball bearings. This amount of 
lateral support was shown to bo Insdeouate in a most graohlcal 
fashion during experimentation. Increased lateral support was 
provided during experimentation with the second (sdml-artloulated/ 
model, as described In the next section. 

The load and deflection data are presented In Table IXa. 
Sefleotlons measured were linear deflection at cft>wn. angular 
deflection at crown, and angular deflections at the base of the 
columns. The tabular data Is presented graphically in Sraph 6, 
Angular Inflection at Points B and C, and in Graph 6. Vertical 
^flection at Point 8. The rotational deflection at Point A, 
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or «t th» loft bas* pla, was not plottad because of obvloue 
ditcrwpanclss. An oraalnatlon of dial readings at Folnt A, 

Table IXa, will show that at^ular rotation at this point 
apparently began In the wrong direction with the Initial loadlr^ge. 
but that It changed direction In the process of loading soaewbere 
between 6,8 lb. per bucket and 30 lb. per bucket. Tills dis- 
crepancy was traced to play In the pin connection at A; this 
play wan aeasurable in tbousandtbe of an Inch and destroyed 
the validity of the first dial reeding*. However, the first 
loading forced the base pin Into Its final position, thue 
effectively taking up the play or clack, and if the last several 
dial readings are corrected accordingly they will be found to 
agree with the results at the other base pin (Point C). The 
reading at A is not necessary except for purposes of checking, 
since the model was syaKteirleally loaded and the base pin 
deflection o'mld be obtained fros Point 0. hence, because of 
the deffictive base pin connection, the data fro® Point A was 
not plotted for either of the two .;oSels. 

On uraph 8, the angular deflnetlona at the crown (Point 6) 
and at the Mae® pin (Point C) for the articulated osodel are 
plotted versus load as a solid line. A tasall rectangular symbol 
denotes the theoretical computed deflection for each of these 
eases. A cowparlsoa with theoretical results was raade by ev- 
trapolating these curves the short distance to the design load 
point, and it was found that the liirgest per cent deviation was 
at the crown for rotational defle«*ion (20.0^); the per cent 
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dSTlfttlon for rotatloaal daflitotian at the hare pin wa» 9,6^, 
and fro* Graph 6, the per cent deviation for linear vertical 
deflection at the crown was 11.7|S*. 

3-17. MdJJLlAIUli. kAiMOkk lafinacl. Since the first 
eodel failed at the knee by lateral baeklinc« brackets were 
constructed and acunted on the second stodel to prevent a 
aiallar fniJure. (See photographs). Sail bearings were thereby 
brought into contact with the top as well a» the bottoa of the 
web of the knee sections. This arrangeaent prevented the 
failure of the second model. 



3-iB. EmarJLasftitftlinji &M. Ijue h LIe. slM 
Model . the aasount of loading which would bring the estresse 
fibers In the welded strap to the yield point was predicted 
theoretically. It has previously been shown that the aoaent 
resultlE^S at the crown of the prototype In the hypothetical 
case when the abutting ends of the girder aeabers were welded 
rigidly together would bo 36.9 ft>klps. (See Table V). This 
moment is proporllonai direotly to the load per foot oil the 
prototype; The moment resistance of the welded strap on the 
model at the yield point was shown to be .005686 ft~kips. 

% the laws of fflallltude, .002686 * n® » .002686 * 612 • 1.376 
ft-klps sornont resistance for a corresponding strap on the 
prototype. l.et y kpf ■« the uniform loading which wo|ili8 causa 
a Boment at a rigid Joint at the crown of 1.376 ft-kips; then 
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or y * 37.3 ppf for the proto typ*, or 27.3/8 « 4.66 ppf on 
tha model, or 2. 33 lb. In each bucket. Slnc« each bucket 
alone weighed 8.8 lb., and the time to conetruct additional 
apparatus to apply a smaller loading to each wire was not 
available. It was decided to apply the loading on the semi- 
artlculated model In eraetly the same manner as it was applied 
to the first model (Section 3»16. }. What happens in the region 
of the yield point of the strap 1* not of particular Importance 
to the results of this investigation; rather an ovsr-all picture 
of the action of the strap fro® sero loading to design loading 
Is the mala object of the Investigation. 

*h« same deflections were measured for this sodel as were 
measured for the first model (Ssetlon 3-16). fh* results are 
plotted as dotted lines on Qraphs 5 and 6. It Is seen that the 
welded strap allowed 21.6^ «ore angular deflection at the crown 
than did the true pin, 13^ more linear deflection at the crown 
than with the pinned model, and 14^ more angular deflection at 
the base pin than arlth the pinned model. 

The entire load was removed from the model and a check 
was made of the rio-load ridings (See l^ble IXb). Point C 
returned to its initial stero reading: but, as was expected, 
both the arjfjular and vertical (linear) dials at Pe’nt 3 showed 
a permanent set. This was due to the overstressing of the strap 
which caused the metal In the strap to flow plastically. A 
reloading to the designed model load (126 ppf) showed no appreci- 



able ohattge eycept In the anfulnr defleetlon at tb* crown. 

Tbla 1» not considered laportant, since the dlscropaney wr* 
probnbly caused by the iu3v»mn% of tb* pointer ex* as *x~ 
plained In Section 3-18. 

fen Inna Uo a of Ploerepanclea. the SO.Ojt aaxitausi 
per cent devlRtlon between th«K>ry and exporiaentation 1» not 
considered eycesElwe. In the 192S aodel tests on the San 
?ranci»oo-OftkI«nd suepension bridge, the observed deflections 
Bho*r<sd » ru.nft 9 of 6^ to I2jl approxlts&te dcvlntion froo theoret- 
ically co«puted wsluec.^ Possible reasons for the deviations 
in this work are listed belowi 

1. The xaehlBinii: or finishing of the csodel was not don# 
to the expected accuracy; thus the aoeent of inertia 
relationship between sodel and prototype w«s not 
rigidly applied. 

2. There was an uncontrollable up and down ®ove®ent of 
the ends of the pointer ar»» at the points of contact 
with the dial plungers. This ©ovement was due to 
slight twisting of the model ssewbwrs. Thus the plungers 
rested on a changing surface, and the sensitive Axes 
dials reflected this- Attempt* were isade to compensate 
for this effect. 

3. Ten etjually spaced concentrated loads were cubstitutml 
in the mdel for the unlforo load used in theoretical 
cofflputntlon* for the prototype. 

4. There was some slack or play In the base pin connections, 
as Mplalaed In Section IS- 16. 

These factors are »taf®<^ *» possible espianatlons for the dis- 
crepancies. but any attempt to evaluate ouantltatlvoly the 
effect fro® each factor would be extrcroeXy difficult. 



1. Beggs, Davit and Savls. 2t^ SIS. SsAfila. 

flX ii'rn posed San frttnal sag-9'akla , Bd Sussensi on Brldi^e . 1^.1 2d. 
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2^20. Sa,flsAaffAflaa la la gfelaal oX laosalUatlaa. 

Ih« rwsuits of this iuT«:;tlf%tlon »h«5w that th« sjsfsl-flejrlble 
wffidafi Btrap apparcatly off«rs l<8g^ rooBent r«fii?tanc« than 
do«» a so-aalli»d trtie hinge at the crown. The pinned conneo- 
tioa used In the first aodel {See photograph) was precisely 
saeblned and offered no aowent resi'stance under no load 
eondltlonf. but under loading local dlstortlone caused aosiest 
reelatance of greater magnitude than the realeteQae In the 
email welded strap, fhe pin was checked In double shear and 
double shear be?iring and it wae found that It wae pot over- 
stressed, fhls investigation tends to establieh, but of 
ecurse dc^e not concluBlwely prove, tisat local distortions 
in the region of a pin will often aaute greater aooent resis- 
tance than that obtained frots a seml-flerible welded strap of 
the type designed herein. In regard to the Aalriklan wedge- 
beaffi theory, the investigation deisonstrate* that a seal- flexible 
connection acting in place of a pinned connection will not 
ehaage the elastic charecterlstlc of the frame appreciably and 
that It certainly will not change this ehareaterletic la the 
direction of mv» sosent resistance la the connection. The 
authors observed that the very small welded strap used In the 
aeal-artlculated »od©l took the design losd very well, although 
this strap was designed ejcactly at the detlgn Halt for the 
ruling factor of coKpreR'sloc (Section 4-4), and furthermore th« 
frame Ittelf was underdesigned (Section 
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Xt Is f»lt thsit th« datA fro® this InTestigatlon may 
be Interpreted more advantageously In the light of Ihrthar data 
fro* the succeeding erperlaontatlon. Suggestions for such 
further study are given In the nert section. 

To reiterate, the following conclusion stay he tentatively 
taken from the data of this lnvestigntlcn> 4 saall glided, strao 

sax Ii£ 11M4 iQ. QlEM. ol iM. sj?£Lga, til.Qgfl. la a, iMmMjmA nMssr 
iK&m gjJJmiLl &sigx8.a.iA]?lx. simMlm. IM 4RiL8.£Uam ol .tM 
iX 3 ss.‘ !&«. i£itL8.g.ilaas. m, p , a r.ftSLU.y- lag£gax& LaMsn 

ilmji. jL«,iu:fl3tg.,a silk IM. M£. &£ lii£. saMtl 

2-21. SaggaaSlJiax tSUL iSkSlkSX. SlHiX- ^hls thesis contains 
the design of a as® Her model with a linear reduction factor 
of n “ 20. (See Table Till). Construction and erperlesntatlon 
of this model would yield data which would be valuable in the 
study of scale effect (Section 3-7). Of course the design and 
construction of several models with varying reduction factors 
would yield a anre complete understanding of scale effect as It 
applies to this work. 

Also It Is recommended that a celluloid model be constructed 
and analysed by the Beggs 2®forraater technique. The celluloid 
taodel could be locally reduced or cut down In the region of the 
crown to simulate the stiffness of the strap relative to the 
stlflnsss of the girder raeabers, although a large model would 
be lioeded. 
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if a csethofl coulrt be for macennfullf reasovlnf 

»ml roaldlag %h« »«all strap conasctlon on th« s«co&<i t»oa«l 
u«od in this work. It If suggested that experlwentatlon ba 
aoKduoted with dlfXsrant straps acting at th« crown, these 
straps would be increased by tsitsll lnor»S5«nt» fro® the site 
of the welded strap used In this work. 

i'erhaps wore applications of se^i-flerlbie welded straps 
acting as wslid substitutes for pine could be found in the 
general field of structural engineering. 
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XV. SsxjtsisniSAL ikl». 



1 . 



Smkds. cl Ssoicijaifi. Ue# n§. 2). 

Tertleal r«aotlcae at A and C 
V»i*:lar40«20>' 

HarisoRtal thrusts at A ttni 0 

% - 0 {elookvisa sosients assuisisd posltire) 
Mb • ♦(20x20) « 01^33.2) - (las^a^) - 0 



^ 16.67^ (actltsg toward right) 

A IC %F ^ with a 4:1 out was ehcson. (Swe Fsge 9} 
Crltieal ««atioRs B* a&d B* trorw chocked for coafelnod 
loadlBg. (Soe Fig. 4) 
wOOtloB at 0’ 

Momoat 

- 16. a? * 12 » - TO.OO 

- i.o T ii*as2l£- « 0.6^ 

2 

* X 1.08S • ♦ ei.aa 



- 178.93 



%<l*d S 



M," IS X 178.98 « 107.4 ln.8 

t 20 



I|j« •» 1393 ir..^ 

A|jf » 2 X 7 X 0.603 ♦ 2.3.91 X 0.307 •» 7.04 ♦ 7. 34 - 

14.38 in. 2 



^pfl 



Assume eontlmxous lat»ral Uraeln^ 



» 17.00 k»l.; f-jt - 20.00 ksl. 

fa * Sft • 178.03 T 12 T 12..4A •• 19.19 ksl. 

1 1893 

U - “ i.l6 k«i. 

14. sa 

Jl ♦ £g. « JLJLl ilUi » 0.0633 ♦ 0.963 - 1.026 
fl ?B 17.00 20.00 

(2.6? und«r4«9lsn) 

S«8tlon Ht U” 
loasnt 

- 16.67 * 10.92 • - 1B2.0 fk 

«e<|M S » - 109. 2 in.® 

20 

• 1302.6 

« 7.04 ♦ 7.12 • 14.16 la.® 
lateral br&cloif st 2* iat«rvftl» 
rs*» "> « (l|02^|)^ *9.6 In. 

•• S™XJLS,* 2.60; ** 17.00 ksl. 

9,6 



u 



bt 



2 y 12 a 24.. 20 « 164.6; % • 20.00 ksl. 

7.00S.6.03 



2o.m » 1.412 ksi. 
14.16 



1JK5.0. 6 



20.2 



fl. ■" 1.412 * 20.2 - O.OeS * l.Ol - 1.09 
7? 17.0 20.0 

(9J& isndsrdij^sltf^) 
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Shfenr nt A 

Allowable shear • 13 bt • 13 t 6 * .307 <» 23.96 ** 

Aetual shear » 16. 67 SA?S 

SeetloQ aortuli furnished eorapared with section taodull required 
along; girder. (See Table I and Graph I). 

Section moduli furnished compared with section moduli required 
along column. (See Table 1 and Graph 8). 

4-2. SmtL'iXMlXmM. qS. llalleaiiQas, 

Sy Virtual Work 

At crown hinge (B) (See Table II) 

At base pins (a A C) (See Table HI) 

By Arairlkian Method (See Table IV) 

4-3. IVglgn of Welded Strap® to Replace Crown Singe. 

(See J^ig. 8 and Section 3-4, i*age 13) 

(a) Vertic*! Shear 

(1) *ise»?sie bent weightless and a lire load of one 
kip per foot applied on left half of girder only. 
4*5 - -ds20) (20+10) ♦ V^ (40) * 0 

V^ « 15*^ 

VB » 80 - 16 « 6 k 

(2) -Assura® girder weight of 40 pounds per foot and 
lire load (on left half of girder only) of 960 
pounds per foot* 

1*0 • -(40x40) (20) - (960x80) (SO+10) + V^(40) « 0 
• 15, 2»: 

YB « 80 - 16.2 » 4.8*' 
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Assmcaptian (l) gives aaxlaua shsar at B. 

Aoeordlng to Section ZX(a)i AISC Specifications, the 
alnlffi\i 0 she».r for which a welded connection can be designed 
is 10 kips. 

Allowable shear stress » IS kei. 

Assuee one strap on each side of web and a depth of 2". 

&9q*d strap thicknees *» 10 » 0,192 in. 

13 s 2 X 3 



(b) Compression 

Asswma two straps with following dimensions! 

a * 2" 



t *« I* (See t) 

1 * 1 * 

l»«8st radius of gyration « r ■ (1/A)^ 

I « O- • X - JL. ln> 

12 12 284 



A»dt«2xi“ifr In. 2 

(I/A)^ • I in. 

384 13.86 

■ *''Vl3.86 - 

Allowable oompreealve stress 

f « 17,000 - 0.486 - 16977 psl. or 16.98 kel. 

8eq'a Area • 16. 67. « 0.491 In.^ per strap. 

2 r 16.98 



Furnished Area “ dt *» 2 x ^ » 0,60 in.® per strap 
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(c) Strare selected 
2 etarapf 

a » g" 
t « 

1 - 

(a) ^cmulB for Boiseat reslstaace of *tr« 5 ?e far prototype 

<S*e rig. 8} 

(13 Serlratioa 

Assus© stress dlograja as shown ir. figure. 

Oi5e strap 

% * zih Vgid/4) - Sy M - 2S<«t)a Ik, 

4- 4 

Both Straps 

% » 2 jt S 3/4 a®t * JL *• 1.276 d2t fk. 

X ^ 

( 2 ) AppllaatioR to selected straps. 

% « 1.376 (2)^ {|) » I. 376 ffc. 

4-4, ^S.Xai(it 

*r) Application of law* of sisllitwde. 

{See Section 3-S. Page IS, and Section 3-7, Page 20} 
i/1‘1 = n * 8 

See.® length of model * 40/s * 6 ft. 

Coluaaa height of model « 12/g » 1.6 ft, 

8T/ii« n2 • 64 

• AO.OtX? - 626 Ibe. 

64 

1 • b4 « 4096 (se® Section ,V8,Pg. 22, Table V'l. 



and Table m) 
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(b) Wold d«sl|;n - flange to web section. 
SorlsontaX Shear Check (See fig. 9) 

Pt. (See rig. 4) 

%♦ * Xa • * 20.6 ppi 

1 1 0.344 



Point of application of one of load* nearest Pt.B. 

% » VQ/I » S£^A,x.Si^ASf X,i?.. <S QQ, - 61.0 PPl 

0.0268 

Since a continuous slot weld was selected (See Section 2-12, 
Page 28) and the horlj^ontnl shear was eo low, this weld design 
need not be continued. 



(c) talded stran connection (£®e Section 2-7, Page 20, 
and Section .VIO, Page 26) 



Soanreaslon 

Pirat trial strs^p (d ** S/e**; t « 1/8"; 1 •* 1/4'*} 

1 » 1/12 (1/8)3 (g/e' « .3 In. 4 

12 X 64 X 64 

A « S/8 X 1/8 » 3/64 In. 3 
r » (1/A)^ • 1/27.7 In. 
l/r-27.7/4 » 6.92 



^®alloK. 

p m at 



» 16.98 ksl. 

J_ (62. 6) (.3 3 + 16 ♦ 21 + 27) 

18 

or 0.2606 k 



260.6 p 



Araa- * - 0.01636 In. 2 

16.90 

^aetnai ** 2(3/8) (1/3) « 0.094 in.® (too such) 




^ •«> ^ 4 1 1 

*tf -» 








) 





«« v*^ 






1' ^ 



^* > * I 






% • «iii I # 

g_ — * 



u 



♦ *’tNF» 



• •» ^ <i 



»»t « 
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S^conil trl9il Btrtp t 1/0*; 1 « I*) 

1 « JL. HmHl/A) « L. la.-* 

12 12 *64 ar 32 

A • U/4)(l/a) » 1/32 ln.2 

X - - 1/27.7 In. 

l/r » - 6.92 

4 

^reg- - » 0.01536 Is.® 

16.96 

Aaetual •" B(l/4){l/B) « 0.0625 la. 2 {too «wehj 
Th.iS“«l trial strap (d • % *» 1/I6*j I » I*) 

2 • a. (1/16)3 (1/4) » I * ia.4 

IS lelTTiTF 

A » (.X) (1/4) » X- in.® 

16 34 

r •• (I/A)t •* 1/6S.4 in. 

Uv w 63.4 « 13. 86 
4 

^%llow. “ 

Area. - O^iSI « 0.0164 In.^ 

18.91 

Ajicttml * 2(l/16) (1/4) » 0.031 in.** 

y»« en« strap - A«etu»l • Q.Q31 » 0.0166 in.® 

2 

MXMMk Bm&JL CfeftSJs.! 

V » 1/&4 (10) » 0.18626 k 

Arec •* 0. 16 626 « 0.01202 la.® SAFI 
13.0 

% “ id. 376 a2t) * I.aM. (1/43® (1/16) « 0.00268S 
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Cont^wlson with etrap connection far prototype. (See Section 4-3) 

n » 8 





aixtasi 

)UL a. an is2,- 


XAlas. 


d 


2 i. 6 -1/4 


1/4 


t 


4 8 « 1/32 


1/16 


X 


^ ^ 8 « 1/16 


1/4 


*a 


1.376 (0)® «* 0.002686 


0.002686 



CrltleaX load Increnents 

Mjj (prototype) « 1.376 He 

hJ3A ^ 1000 ppf » 37.3 ppf (loud on prototype to give 
36.9 

moraent of 1.376 fk »t strap) (See Tnble 7) 

37.3 “ 4,66 ppf (load on model) 

8 

4.66 « 2,32 povinds per wire, (load to stress strap to 
£ elastle limit) 

4-6. feyiieriaental Dalai ilrtlculatad Model (See fable IX»a) 

Seasl-articulated Model (See Table IX>b) 

isngth of pointer arms for dials. 

Point A - 9.82 In. 

Point C « 9.86 In. 

Point B - (articulated model) “ UL 11 ♦ 10.42 * 10.256 in. 

Point B - («e®l-^mrUculatod ajodel) « IQ. 51 « 

2 

Sanipl# eomputatlon (T’oint B - 8.8 potmdo per wire) 

3* .00283 radians 

10.2S5 












^ 41 



a 

« :* 

«f » 

‘ I I 

J 



\m4 

f ^.1 MMI 4 

I ♦•*n- %4* 

I . '« h — «• 




.. i\ m 

H. • 41’ • 



4 i 



I 

2 

S 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

13 

16 
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TABIi: 1 

ioaLtal& at ioarJUa sM Maiull 

of SG ^nsantg 



Avar. 

^tb 

(ins.) 


Oapth 
Minus 
.603 In. 


I 

flan«»s 

(1^) 


0«ptb 
Minus 
1.006 In. 


X 

(io.^ 


1 

total 

(In.*) 


(1q3) 


7.67 


7.17 


90.2 


6.7 


7.6 


97.8 


26.6 


11.00 


10.60 


193.7 


10.0 


26.6 


219.3 


39. 9 


14.33 


13.83 


338 


13.3 


60.7 


398.7 


68.6 


17.67 


17.17 


819 


16.7 


118.4 


637.4 


72.2 


21.00 


20.60 


739 


20.0 


206.0 


944 


89.6 


24. 33 


23.83 


1001 


23.3 


328.0 


1326 


109.0 


25.00 


24.80 


1067 


24.0 


364.0 


1411 


113.0 


23.00 


22.60 


890 


22. 0 


272.0 


1162 


101.0 


21. tW) 


20.60 


739 


20.0 


206.0 


944 


89.6 


19.00 


18.60 


602 


18.0 


149.0 


761 


78.1 


17.00 


16; 60 


479 


16.0 


106.0 


834 


68.6 


16.00 


14.60 


370 


14.0 


70.2 


440,2 


68.6 


13.00 


12.80 


274 


12.0 


44.2 


318.2 


49.0 


11.00 


10.80 


193.7 


10.0 


26.6 


219.3 


39.9 


9.00 


8.60 


127 


8.0 


13.1 


140.1 


31.2 


7.00 


6.60 


74.4 


6.0 


6.6 


79.9 


22.8 



7ABLZ 1 
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TA8I.K IX 

Botatioji aM ^ flgs . tAa a 

&1 Crown Hlngft hJL ItZtVJtl IlUCK 
(Tanslon on outsidw of bent consldorod positive) 



seg- 

sent 


M 


I 


»/x 


1 


+ 16.67 


97.8 


.170 


2 


+ BO.O 


219.3 


.228 


5 


♦ Q3.32S 


398.7 


.209 


4 


ni6.67 


637.4 


.183 


6 


neo.o 


944 


.169 


6 


♦182.23 


1326 


.1383 


7 


♦180.6 


1411 


.1279 


8 


+144.6 


1162 


.124 


9 


+ U2.6 


944 


,119 


10 


♦ 84.6 


761 


.113 


11 


+ 60.6 


684 


.104 


12 


+ 40.8 


440.2 


.092 


18 


♦ 24.6 


318.2 


.077 


14 


+ 12.6 


219.3 


.087 


16 


♦ 4.6 


140.1 


.032 


18 


+ 0.6 


79.9 


.006 



■y. 

oC 




H 


T*«V 


+.042 


+0.833 


.0071 


.1416 


+.126 


+2.500 


.0286 


.6700 


+ .209 


♦4.167 


.0437 


.8709 


+.291 


+6.833 


.0533 


1.0674 


+..378 


+7.600 


.0698 


1.1926 


+ .468 


♦9.167 


.0638 


1.2680 


+ .626 


♦9.6 


.0671 


1.2140 


+ .676 


+8.6 


.0713 


1.0640 


+.626 


♦7.6 


.0744 


..8926 


+ .676 


♦6.6 


.0763 


.7346 


+.726 


♦8.6 


.0764 


.6720 


+.776 


♦4.6 


.0713 


.4140 


+.826 


+3.6 


.0636 


.2696 


+.876 


♦2.6 


.0499 


.1426 


+.928 


♦1.6 


.0296 


,0480 


+.978 


+0.6 


.0069 


.0020 



(eont'd on nert cs^et 












«Ni«^ t*- «AIO«| §4 



-^•1 

•h 

a 












1 ^ 
>» 



f 

^4. ii) 

KH^ '^- 1 *^ 

•f* 






Li* 







■ » 




V *• 


iife • 








' *n* 


tt* * Wl 




,4JM 




i-^ 


“ •Vl- 
1 • ^ 


YAI/ 


i^EM 


i 


li^* 












If 


» I 


.Mu 


#t 


Jl*>" 






irm 

It- 


■5fc* 


4- 

«l • 







#,-• 



liT r 

(*■ 

#-«— • 






#» #•• 



«|4 



i,«i Ip. 

‘ 4 *« WPt- *i^ 

Ul ^f.;i « 

• •• 

f%^J 






^ -M f " 

%•» % 



I 

f 

f 

I 

I 

i 

i 

I 









->f W 



v: 
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TA3L* II (eontM) 



S*g- 


M 


I 


M/I 




Bly 


! 




X7 


0.6 


79.9 


.008 


♦.026 


♦0.6 


.0002 


.ooa» 


10' 


+ 4.6 


140.1 


.033 


♦.076 


♦1.6 


.0024 


.0480 


19 


12.6 


219.3 


.067 


♦.126 


♦2.6 


.0071 


.1426 


20 


+ 24,6 


2ia.2 


.077 


♦.176 


♦S.6 


.0136 


.2696 


21 


♦ 40.6 


440.2 


.092 


♦.226 


♦4.8 


.0207 


.4140 


22 


♦ 60.6 


604 


.104 


♦.278 


♦6,6 


.0286 


.6720 


2S 


+ 84.6 


781 


.113 


♦.326 


♦6.8 


.0367 


.7346 


24 


•^112.6 


944 


.119 


♦.376 


♦7.6 


.0446 


.8926 


Z& 


♦144.6 


1163 


.124 


♦ .426 


♦8.6 


.0627 


1.0640 


2S 


♦180. 6 


14U 


.1279 


♦.476 


+9.6 


.0607 


1.8140 


27 


♦183.33 


1326 


.1383 


♦ .468 


♦9.167 


.0628 


1.8680 


20 


n&o.o 


944 


.169 


♦.376 


♦7.6 


.0696 


1.1926 


E9 


♦U6.S7 


637.4 


.183 


♦ .291 


♦C.833 


.0633 


1.0674 


20 


♦ 83.33 


S96.7 


.£09 


♦.209 


♦4.167 


.043? 


.8709 


31 


♦ m.Q 


219.3 


.228 


♦.126 


♦2.6 


.0286 


.6700 


32 


* 16.67 


97.8 


.170 


♦.042 


♦0.833 


.0071 


.1416 














1.3692 


^ao8s 


9b -r« 




1.3692 X 


2 * 144 at .011^4 SadlaBs •• 


44.8 sl&utes 




£X 


JKJ.OOO 










Ab -Vm 


ds • 


20.8086 


* 3 X 1728 * 


2.40 loeh«8 




Zjd 


sz 


30,000 
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• — . iHr^ ^ 




1 • ii • ^ 

t - \» 


rn,m 


■t,## f ‘ 
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..,|:-llt ii» • '«•«- 
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• I 


%.'- •'P^ l«u 


W$ 


• •• 1^ 


f 1 


• «P 4Wi» fPfe 
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I* i«»> 



62 



TABU III 

gflla-UajL al Mjs£. ?1r£ &sl Ilr.ftMl £atfe 
(Tension on outside of bent considered ooeltlre) 





Section 


£ 




1. 




A V 


16.67 X 




1 - x/Z‘ 




H B 


200-20 x + 


*®/2 


0.6 - y, 




F B 


200-20 * ♦ 




• 

0 

1 




c r 


16.67X 




- »/24 


tasaal 


M 


ra 


I 


Mm 

T 


1 


+ 16.67 


+.958 


97.8 


+.1632 


2 


+ 60.00 


+.876 


219.3 


+.1993 


2 


+ 82.33 


+ .791 


398.7 


+.1662 


4 


ni6.67 


+.709 


637.4 


+.1297 


6 


nso.oo 


+.625 


944 


+.0994 


6 


n82.33 


+.642 


1326 


+.0750 


7 


+180.60 


+ .476 


1411 


+.0607 


S 


+144.60 


+ .426 


1162 


+.0628 


9 


+112,60 


+ .376 


944 


+.0446 


10 


+ S4.80 


+ . 326 


761 


+.0366 


11 


+ 60.60 


+.276 


634 


+.0286 


12 


+ 40.80 


+.226 


440.2 


+.0207 


12 


♦ 24.60 


+.176 


318.2 


+.0136 


14 


+ 12.60 


+ .126 


219.3 


+.0071 


15 


+ 4.60 


+ .076 


140.1 


+ .0024 


15 


♦ 0.60 


+ .028 


79.9 


+.0016 



(cont'd on next page 







u 


- 0^ 


,‘^K 


• «iC* 




^ ♦ — 


* 


^ 1 


mMl - 




• 


« «#• 


•^«.. 


It 


• $ 


%.ll • 


-!>#-- 


|.«4 




• • 1 
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TA3L£ III 



(cont’d) 





M 


m 


I 


Mm 

X 


17 


♦ 0.60 


-.025 


79.9 


-.0016 


18 


♦ 4.IKJ 


-.076 


140.1 


».0024 


19 


♦ 12.60 


-.126 


219.3 


-.0071 


20 


+ 24.60 


-.176 


318. 2 


-.0136 


21 


'*‘ 40.60 


-.226 


440.2 


-.0207 


22 


+ 60.60 


-.276 


684 


-.0286 


23 


■* 34.60 


-.326 


761 


-.0366 


24 


-•■ 112.60 


-..376 


944 


-.0446 


25 


-*^ 144.60 


-.426 


1162 


-.0628 


26 


-^ISO.K) 


-.476 


1141 


-.0607 


27 


+ 183.23 


-.458 


13>26 


-.0634 


28 


+ 1 K ).00 


-.376 


944 


-.0696 


29 


+ 116.67 


-.291 


637.4 


-.0633 


30 


+ 83 , S 3 


-.209 


398.7 


-.0437 


31 


♦ 60.00 


-.126 


219.3 


-.0285 


32 


+ 16.67 


-.042 


97.8 


-.0072 


M&JL 
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9 A 


ds - .5761 


s 2 3c 144 


* .0066306 fiadli 






30.000 



19.01 Minutes 



TABLE III 



TA»ii IT 

Rotatlsn at Croira ai^d aip/yg.^ 

^ issdxXltXan. Ms.tbojl 
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■S,Tg18,ga.\ 




1 


IS/l 


£. 




1 


16.67 


97.8 


.170 


1 


0.170 


2 


60.00 


219.3 


.228 


3 


0.684 


3 


83.23 


.798. 7 


.209 


6 


1.046 


4 


116.67 


637.4 


.183 


7 


1.281 


6 


160.00 


944 


.169 


9 


1.431 


6 


18.3. S3 


1326 


.138 


11 


1.621 


7 


180.60 


1411 


.128 


12 


1.6.76 


3 


144. 60 


1163 


.124 


12 


1.48S 


9 


112.50 


944 


.119 


12 


1.428 


10 


84.60 


761 


.113 


12 


1..766 


11 


60.60 


5B4 


.104 


12 


1.248 


12 


40.30 


440.2 


.092 


12 


1.104 


IS 


24.60 


318.2 


.077 


12 


0.924 


14 


12.60 


219.3 


.067 


12 


0.684 


16 


4.80 


140.1 


.032 


12 


0.SB4 


16 


O.SO 


79.9 


.006 

1.939 


12 


0.072 

16.366 



ds “ -?.0 

T » »2.7X s Ma - 3.878 

^ 1 I 



0 -. • a.?.71 » 144 »• 0.01K584 radians “ 44.8 alnute* 

12 s 2K),000 

«AB » { .1.878 T 144 ) - .012084 • .0186144 -.01.^84 
33.000 ' 

» .0066304 radians • 19.01 selnut 



TABIS 17 
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TABL * V 

Dcfl^cUoas kx Virtual *ari{ 

Assuming Rigid Jglnt al I 




S^^oent 


M 


! 5k 


I 




-■■Si 


1 





1 


97.8 


_ 


* 0.0102 


2 


— 


3 


219.3 


— 


♦ 0.0410 


a 


— 


6 


398.7 


— 


♦ 0.0627 


4 


— 


7 


637.4 


— 


♦ 0.0769 


6 


. — 


f 9 


944.0 


— 


♦ 0.0868 


6 


— 


-►11 


1326.0 


— 


♦ 0.1077 


7 


- 19.6 


-►12 


1411,0 


- 0,0138 


♦ 0.1021 


8 


- 66.6 


-►12 


1162.0 


- 0.0477 


♦ 0.1238 


9 


- 87.6 


-►12 


944.0 


- 0.0928 


♦ 0.1627 


10 


- 116,6 


-►12 


761,0 


- 0.1640 


♦ 0.1921 


11 


- 139.6 


n 2 


684.0 


' - 0.2389 


♦ 0.2466 


12 


- 169.6 


-►12 


440.2 


- 0.3622 


♦ 0.3271 


13 


- 176.6 


•►12 


318.2 


- 0.6620 


♦ 0.4626 


14 


- 187,6 


-►12 


219.3 


- 0.8660 


♦ 0.6670 


16 


- 196.6 


-►12 


140,1 


- 1.3960 


♦ 1,0280 


16 


- 199.6 


•►12 


79.9 


- 2.4880 

- 6.2004 


♦ 1.8020 
♦ 6. 4681 






- 6.2004 


X 2 X 2 


X 12 « - 297 . 
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-► 5.4681 


X 2 X 2 


* •► 21.87 





H » » 297.62 » 13,60 k 
21.87 

Md - 13.6 X 12 - 163.1 fk 
M3 - 200.0 - 163.1 » 36.9 fk 



lABLI T 



i 
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TABLSi VI 



qX lagrlla oX 8fl,da3L 



lament 


** , ) 

T§K 

!e 


it 


A 


66.6 


.01379 


1 


97.8 


.02386 


2 


219.3 


.08360 




398.7 


.09740 


4 


637.4 


.16661 


6 


944.0 


.23040 


6 


1324.4 


.32333 


9 


1644.6 


. 37707 


7 


1410.4 


.34433 


3 


1162.0 


.28400 


9 


944.0 


. 23040 


10 


761.0 


.18320 


11 


684.0 


.14260 


12 


440.2 


.10760 


13 


318.2 


.07780 


14 


219.3 


.06360 


16 


140.1 


.03422 


16 


79.9 


.01961 


B 


66.6 


.01379 



TABLS VI 







|»ill 






Uur 



f 

%iM»» 



|i. « 




%u 

i» 

1 » 



4 » 

•» 

i* 



#•■• • •• 
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7A3L8 VII 

Saiapii.t.a.t A aa ai. HoML SlaafiLslane 



(1) 


(2) 


(3) 


Seg'- 

aent 


t 

wet 




A 


.130 


0.760 


1 


• 120 


0.969 


2 


.120 


1.376 


3 


.130 


1.791 


4 


.130 


2.209 


5 


.130 


2.626 


6 


.130 


3.041 


D 


.1.10 


3. 260 


7 


.130 


3.126 


S 


.130 


2.876 


9 


.130 


2.626 


XO 


,130 


2.376 


11 


.ISO 


2.126 


12 


.ISO 


1.876 


13 


.ISO 


1.625 


14 


.ISO 


1..176 


15 


.130 


1.126 


16 


.130 


0.876 



( 4 ) 


( 5 ) 


( 6 ) 


^fl* 


d-2tf^ 


^weh 


.0613 


.627 


.00267 


,0613 


.836 


.00636 


.0613 


1.262 


.02127 


.061.1 


1.668 


.06019 


.0613 


2.086 


.09849 


.0613 


2.602 


.16970 


.0613 


2.918 


. 26894 


.0613 


3.127 


. 3.1129 


.0613 


3.002 


.29313 


.0613 


2.762 


.22683 


.0613 


2.602 


. 16970 


.0613 


2.282 


.12376 


.0613 


2.002 


.08696 


.0613 


1.762 


.06827 


.0613 


1.602 


.03672 


.0613 


1.262 


.02127 


,0613 


1.002 


.01090 


.0613 


0.762 


. 00461 



• tfi - assumed thickness of flange platee 



( 7 ) 

Total 

^req. 

.01379 
.02386 
.06380 
.09740 
.16661 
. 2,2040 
,32333 
.37707 
.34433 
. 28400 
.23040 
.18320 
.142&3 
.10760 
.07789 
.06260 
.03422 
.01961 



(Cont'd on next page) 
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